Resistance rate of uropathogenic Escherichia coli against different antimicrobial agents is currently a matter of concern. The antimicrobial susceptibility patterns of 100 uropathogenic E. coli isolated from Saudi Arabia was conducted by broth microdilution method. The resistance genes for chloramphenicol, tetracycline, sulphamethoxazole and streptomycin were checked by polymerase chain reaction (PCR). The overall resistance for sulphamethoxazole and streptomycin was 100%. However, the resistance rates for ampicillin, tetracycline, chloramphenicol, trimethoprim, sulphamethoxazole/trimethoprim, amoxicillin/clavulanate, gentamicin, amikacin, ciprofloxacin, cefotaxime, ceftazidime, aztreonam, cefepime and nitrofurantoin were 90, 85, 83, 70, 62, 60, 42, 29, 24, 22, 21, 20, 17 and 5% respectively. All isolates were sensitive to imipenem, tigecycline and cefoxitin. The prevalence of the antibiotic resistance genes for strA + strB, tet(B), catI, sul2, aadA, sul1, cmlA, tet(D) and sul3 were 100, 94.5, 89.5, 86.36, 77.3, 68.18, 45, 13.6 and 5.5% respectively. The catI, tet(B), and sul2 genes were the most prevalent resistance genes. The prevalence of class 1 integrase was 95.45%. The present study gives baseline data on molecular basis of antimicrobial resistance in uropathogenic E. coli from Riyadh. In the majority of cases, resistance to a given antimicrobial was caused by more than single gene.
INTRODUCTION
Urinary tract infection (UTI) is the second most common infectious presentation in community medical practice (Stamm and Norrby, 2001 ). Among both outpatients and inpatients, Escherichia coli is the primary clinically relevant organism, accounting for 60 to 90% of UTI isolates (Al-Tawfiq and Anani, 2009; Nicolle, 2001) . The etiology of UTI and the antibiotic resistance of uropathogenes have been changing over the past years, both in community and nosocomial infection (Karlowsky et al., 2009) . Moreover, resistance to some antibiotics varies also over time, mostly in increasing trends. The resistance pattern of community acquired UTI pathogens has not been studied extensively (Goldstein, 2000) . Antimicrobial therapy of UTIs includes fluoroquinolones, co-trimoxazole, β-lactam antibiotics, aminoglycosides and nitrofurantoin, tetracyclines and macrolides (Skerk et al., 2001) . This study will focus on the resistance mechanisms to tetracyclines, sulphonamides, chloramphenicol and streptomycin. Three different specific mechanisms of tetracycline resistance (tet r ) have been identified so far: tetracycline efflux, ribosome protection and tetracycline modification (Roberts, 2005) The most commonly tet r mechanism is the efflux genes by energy-dependent pumping of tetracycline out of the bacterial cell. Seven efflux tet genes were detected from E. coli; tet (A), tet (B), tet(C), tet (D), tet (E), tet (I), tet (Y) (Mirzaagha et al., 2011) . High prevalence of sulphonamide resistance (sul r ) has been observed in E. coli from animals and humans all over the world (Murata et al., 2011; Bean et al., 2005) . To overcome the rapid emergence of resistance, sulfonamides have generally been combined with trimethoprim. This is a combination still commonly used in human medicine for treatment of UTIs. There are three sul genes, sul1, sul2 and sul3, which have been identified encoding for sul r (Perreten and Boerlin, 2001) . Chloramphenicol resistance (chl r ) is due to enzymatic and non-enzymatic resistance determinants. Enzymatic inactivation is more common than non-enzymatic resistance mechanism, where chloramphenicol acetyl transferase (CAT) acetylates the antibiotic rendering the antibiotic unable to interfere with translation (Rogers et al., 2002) . Three resistance genes, aadA, strA and strB, participated in streptomycin resistance (str r ) in E. coli. The strA and strB conferred resistance to streptomycin by phosphorylation and aadA conferred resistance to streptomycin and spectinomycin by adenylation (Medina et al., 2011) .
There is not much information on etiology and resistance pattern of UTIs in Saudi Arabia is available. However, there is not information on the resistance mechanisms to the antibiotics. The aims of this study were to provide information regarding resistance patterns of uropathogenic E. coli strains isolated in Riyadh, Saudi Arabia, and to investigate the molecular resistance mechanisms to chloramphenicol, streptomycin, sulphonamide, and tetracycline exhibited by this organism. Prevalence of the resistance genes such as sul1, sul2, sul3, tet(A), tet(B), tet(C), tet(D), tet(E), tet(G), catI, catII, catIII, cmlA, strA+strB and aadA and class 1 integron in E. coli isolates were investigated.
MATERIALS AND METHODS

Isolation, culture and identification of E. coli
One hundred non-duplicate E. coli isolates were obtained from urine specimens of submitted to the clinical microbiology departments of the Prince Suleiman Hospital in Riyadh, between March to June, 2010. Urine samples were inoculated onto MacConkey agar and incubated at 35°C overnight. After incubation period, lactose fermenting colony was picked and identified by traditional method (Koneman et al., 1997) . The confirmation of E. coli was performed using automated microscan (Merlin Diagnostika, Bornheim, Germany).
Antimicrobial susceptibility testing
Antimicrobial resistance profiles for E. coli strains were determined by the standard broth microdilution method using the commercial Micronaut microtiter plates (Micronaut Merlin Diagnostika, Bornheim, Germany) containing a panel of dehydrated antimicrobial agents (Table 1) in two-fold dilutions. Briefly, singleisolated colonies were suspended in sterile saline and mixed thoroughly. Each well of a microtiter plate containing antibiotic was rehydrated by adding 100 µl of the bacterial suspension (5 × 10 5 CFU/ml). The microtiter plate was incubated at 35°C f or 18 h and minimum inhibitory concentration (MIC) values recorded manually by aid of mirror. MIC of tigecycline was determined by using Eteststrip (AB Biodisk, Solana, Sweden). MICs were performed and interpreted according to the recommendations of CLSI (CLSI, 2006) . E. coli ATCC 25922 was used as a control strain.
In this paper, MDR uropathogenic E. coli strains are resistant to at least three of the following antibiotics: chloramphenicol, tetracycline, sulphamethoxazole and streptomycin.
Detection of the antibiotic resistance genes and integrons
Twenty-two MDR uropathogenic E. coli strains investigated in this study have been screened for the presence of tetracycline, sulphamethoxazole, chloramphenicol and streptomycin resistance Al-Agamy 107 determinants and class 1 integron. Amplification of tet(A), sul1, sul2, sul3, catI, catII , and catIII was assessed by multiplex PCR using the primers and conditions described previously (Wu et al., 2010; Ng et al., 2001; Vassort-Bruneau et al., 1996) . However, cmlA, strA, strB, aadA and int1 were tested by monoplex PCR according to the primers and conditions described previously (Nògrády et al., 2003; Gebreyes and Altier 2002; Goldstein et al., 2001; Keherberg and Schwarz, 2001; Keyes et al., 2000) . Positive and negative controls were included in all PCR assays. Total bacterial DNA was prepared by the whole cell boiled lysate procedure. PCR was performed using Red Load Taq Master (Jena Bioscience, Jena, Germany). All PCR assays were done in Techne thermocycler (Techne, UK).
RESULTS
Antimicrobial susceptibility
The antimicrobial susceptibility of 100 uropathogenic E. coli strains appears in Table 1 . No resistance was recorded in this study to imipenem, tigecycline, cefoxitin and cefotaxime/clavulanic acid. E. coli isolates resistant to ampicillin were 90% whereas those resistant to amoxicillin/clavulanic acid were 60%. Percentage of resistance of E. coli to gentamicin, amikacin, ciprofloxacin, cefotaxime, ceftazidime, aztreonam and cefepime were 42, 29, 25, 22, 21, 20 and 17% respectively. All isolates were completely resistant to streptomycin. E. coli strains showed resistance to tetracyclines as follows: 85% of the isolates were resistant to tetracycline, 83% were resistant to doxycycline, and 80% were resistant to minocycline. Uropathogenic 100% of the strains were resistant to sulphamethoxazole and 70% were resistant to trimethoprim whereas 62% of the strains showed resistance to a combination of sulphamethoxazole/trimethoprim. Eighty three percent of the E. coli strains were resistant to chloramphenicol. Nitrofurantoin was the most commonly used drugs for the treatment of uropathogenic. E. coli had 95% sensitivity.
Detection of determinants of resistance in uropathogenic E. coli
Twenty two out of 90 MDR E. coli strains were randomly chosen for molecular characterization of resistance genes and class1 integron. Results of resistance genes and class 1 integron content are summarized in Table 2 .
The tet genes were detected in all tet r strains. The tet(B) gene was the most prevalent and it was present in 94.45% (17/18) of the tested strains. The tet(D) was detected only in EC17 strain. The other tet genes were not detected.
The sul genes were detected in 100% of the strains investigated (n = 22). The prevalence of sul1, sul2 and sul3 were 72.72% (16/22), 86.36% (19/22) and 18.18% (4/2), respectively. Most of the strains (15/22, 68.18%) contained both sul1 and sul2 genes. One strain, EC21, harbored both sul2 and sul3 genes. All three sul genes were found in one isolates, EC12. The sul1 and sul3 genes were detected alone in strain EC14 and strain EC10, respectively. The sul2 was detected alone in two strains (EC11 and EC13). Among 22 strains, 95.45% (21/22) were found positive for intI gene which encodes for the class I integrase. Eighteen strains exhibited high level of chloramphenicol resistance (MIC ≥ 128 µg/ml) while EC17 isolate had lower MIC (8 µg/ml). Among the tested chloramphenicol resistance genes, catI and cmlA were detected with prevalence of 89.5 and 52.9%, respectively. The catI gene alone was detected in 12 strains and in combination with cmlA gene in 6 strains. The cmlA gene alone was found in 3 strains EC16, EC18 and EC22 (MIC 8 to 32 µg/ml). Other cat genes were not detected.
Seventeen out of 22 strains showed high level of streptomycin resistance (MIC ≥ 256 µg/ml), four strains (EC10, EC11, EC14 and EC22) had MIC of 128 µg/ml and EC12 strain had MIC equals to 32 µg/ml. The strA + strB genes were detected in all the strains investigated while aadA was detected in 77.3%. Strains harboring strA + strB (solely) had MICs 32 to128 µg/ml. PCR mapping of strA and strB locus was carried out using strA-F and strB-R primers. Approximately 1.5 Kb between strA and strB was obtained in all of the tested E. coli strains.
DISCUSSION
Antimicrobial resistant bacteria and their resistance determinants are considered hazards in antimicrobial resistance risk assessment. Therefore, the information obtained could be used as part of risk analysis of the distribution and development of antimicrobial resistance. However, data regarding the situations of antimicrobial resistance and mechanism basis of resistance is still limited especially in most developing countries (Chuanchuen and Padungtod, 2009 ). This study shows the antibiotic susceptibility pattern and the resistance mechanisms to some antibiotics of E. coli isolated from patients with UTIs in Riyadh.
The antimicrobial susceptibility pattern of E. coli varies widely (Table 1) . This study demonstrated a high level of resistance to ampicillin, amoxicillin/clavulanate, chloramphenicol streptomycin, sulphamethoxazole, sulphamethoxazole/trimethoprim, tetracycline and trimethoprim. This is similar to previous community based studies in Saudi Arabia (Al-Tawfiq and Anani, 2009). The high rate of antimicrobial resistance in Saudi Arabia is previously explained. It has been illegal for pharmacists in Saudi Arabia to dispense an antibiotic without a medical prescription for more than three decades (Bawazir, 1992) . However, a recent study from the Eastern Province of Saudi Arabia demonstrated a high rate of antibiotic sales without a prescription for presumed UTIs (Abdulhak et al., 2011) due to lack of adherence to these regulations. The resistant rate to 3rd and 4th generation cephalosporins and monobactam ranged from 17 to 22%; however no resistance was detected in the combination of 3rd generation cephalosporins and clavulanic acid. This result indicated that the resistance to 3rd generation cephalosporins was due to the production of extended-spectrum β-lactamases (ESBL). This percentage is higher than that previously reported (6 to 9.6%) among E. coli in Saudi Arabia (Khanfar et al., 2009; Kader and Angamuthu, 2005) . This indicated there are increasing in the prevalence of ESBL in Saudi Arabia. In the present study, imipenem and tigecycline are the most effective drugs against uropathogenic E. coli. Several studies showed amazing activity of carbapenem and tigecycline against E. coli (Drekonja and Johnson, 2011; Kothari and Sagar, 2008) . Sensitivity to imipenem indicated that E. coli isolates were metallo-β-lactamases negative. The present study showed that all E. coli isolates was sensitive to cefoxitin and this indicates the tested isolates devoid from AmpC β-lactamases.
Amikacin showed good activity against the isolates with 29% of the tested E. coli being resistant while 42% of the isolates being resistant to gentamicin. Sulphonamide and trimethoprim were not effective in treatment of uropathogenic E. coli. The resistance rate to sulphamethoxazole and trimethoprim were 100 and 70%, respectively and the resistance decreased to 62% when sulphamethoxazole and trimethoprim were combined. This is in agreement with previous study on antimicrobial susceptibility pattern of E. coli causing UTIs in Saudi Arabia, where Al-Tawfiq and Anani (2009) reported a percentage of 57.8% for sulphamethoxazole/trimethoprim resistant uropathogenic E. coli strains isolated from nosocomial infections.
Class 1 integrons are crucial elements in the worldwide problem of antibiotic resistance and are often embedded in promiscuous plasmids, transposons, and chromosomes, as well, as facilitating their lateral transfer into a wide range of pathogens (Wei et al., 2008) . In the present study, 95.5% of the 22 E. coli isolates screened harboured class 1 integron. Isolates that carried class 1 integrons were more likely to be resistant to antibiotics than the isolate that did not carry integron.
Tetracycline-specific efflux pump proteins are the leading tet r mechanisms in E. coli (Abdulhak et al., 2011) .
Previously tet efflux genes, tet(A), tet(B), tet(C), tet(D), tet(E), and tet(G), genes have been identified in tet
r E. coli strains ( Ng et al., 2001) . However, to date no studies have been undertaken to know the distribution of tet genes among Saudi E. coli strains. The tet(B) gene was the most prevalent tet r determinant identified and having a wide host range due to the fact that it resides on highly mobile genetic elements that readily transfer between different bacterial genera (Mirzaagha et al., 2011 , Mirzaagha et al., 2009 and Wilkerson et al., 2004 . In the present study, tet(B) was the most prevalent tet genes as reported by many authors (Mirzaagha et al., 2011 , Mirzaagha et al., 2009 Wilkerson et al., 2004) .
Sulphonamides are one of the most frequently used antimicrobials to treat UTIs and they are widely used in Saudi Arabia (Al-Tawfiq and Anani, 2009 ). The resistance rate to sulphamethoxazole was 100% in the present study similar to reports from places like UK where the antibiotic was almost completely withdrawn from human medical use (Bean et al., 2005; Enne et al., 2001 ). To date three sul genes (sul1, sul2 and sul3) conferring resistance to sulphonamides are known. The sul2 (86.36%) was the most prevalent sul genes in the present study. The spread of the sul2 gene was reported to be more among clinical strains of E. coli than sul1 in Denmark and UK (Bean et al., 2005 , Kerrn et al., 2002 Enne et al., 2001) . The efficient dissemination of the sul genes is likely to eventually produce new combinations of these with other genes. This view is supported by the increasing number of isolates carrying both sul1 and sul2, and by the large number of isolates carrying a class I integrase gene and sul2 (Enne et al., 2001 ). The sul1 is an integral part of 3′ conserved segment of class1 integron. The prevalence of sul1 (68.2%) was lower than sul2 (86.36%) in the current study. This may be explained by lack of sul1 in the 3′ conserved segment.
The prevalence rate of enzymatic chloramphenicol resistance mechanism was 89.5% whereas the prevalence rate of non-enzymatic resistance mechanism (cmlA1) was 45%. Within the inactivation mechanism, only catI was detected. However cmlA gene alone was not detected in chl r E. coli strains (Chloramphenicol MIC ≥ 128 µg/ml) but was detected alone in three strains, EC16, EC8 and EC22, with chloramphenicol MIC (8 to 32 µg/ml). However cmlA was accompanied with catI in six E. coli strains had chloramphenicol MIC (≥128 µg/ml). The present result was in agreement with many reports that enzymatic mechanism was more frequent than non-enzymatic mechanism (Medina et al., 2011) .
Despite the fact that the use of streptomycin in Saudi Arabia was restricted to treatment of Mycobacterium tuberculosis and enteric Gram negative bacteria and in veterinary medicine, it was found, in this study, that streptomycin resistance was 100% among E. coli strains. The strA and strB conferred resistance to streptomycin whereas aadA conferred resistance to streptomycin and spectinomycin. The high proportion of the strA + strB genes (100%) and or the aadA genes (77.3%) detected in the E. coli strains investigated suggests that these genes play a major role in conferring resistance to streptomycin among E. coli. The aadA + strA + strB were detected in 72.3% of investigated strains and 22.7% of strains were contained strA + strB. Kikuvi et al. (2007) were detected strA + strB genes (24%) and the most of strains (72.4%) had strA + strB + aadA1 genes. The current study was in accordance with Kikuvi et al. (2007) . It was obvious that the prevalence of strA + strB was higher than aadA and that strA was accompanied with strB. Kikuvi et al. (2007) and Sunde and Norströmn, (2005) and these findings were in agreement with the results of the present study. Strains harbouring strA + strB + aadA genes had higher streptomycin MICs than those harbouring strA + strB alone.
In conclusion, this study provides useful information regarding the dissemination of antimicrobial resistance genes among uropathogenic E. coli strains. Many antimicrobials are heavily used for growth enhancement in livestock and as many other developing countries, adds to the widespread medical abuse of antibiotics through the open availability of these drugs which leads to self-prescription. Over time, bacteria develop resistance, to these agents, which may later persist, despite discontinuation of the corresponding antimicrobial agents. The tet(B), sul2, cat1and strA + strB were the most prevalent resistance genes encoding respectively for tetracycline, sulphamethoxazole, chloramphenicol and streptomycin resistance. High prevalence of class 1 integron was detected in the investigated strains and may play significant roles in dissemination of antimicrobial resistance genes in uropathogenic E. coli strains. This is the first report of genetic characterization of resistance to chloramphenicol, tetracycline, streptomycin and sulphamethoxazole in E. coli from Saudi Arabia.
